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Abstract. We study conductance and adiabatic pumped charge and spin currents
in a graphene quantum pump with Corbino geometry in the presence of an applied
perpendicular magnetic field. The pump is driven by the periodic and out of phase
modulations of the magnetic field and an electrostatic potential applied to the ring
area of the pump. We show that the Zeeman splitting, despite of its smallness, can
suppress the conductance oscillations at the zero doping and in a threshold value for
the flux piercing the ring area which depends on the inner lead radius and thus on
the flux penetrating in it. Moreover, it generates a considerable spin conductance
at infinitesimal nonzero doping and at the magnetic flux, that charge conductance
starts to suppress. We find that the pumped charge and spin currents increase by the
magnetic field with small oscillations until they start to suppress due to the effect of
the nonzero doping and the Zeeman splitting. In graphene Corbino pumps with small
inner leads the Zeeman splitting shows its effect in a large value of the magnetic field
and thus we can get a considerable pumped charge and spin currents at the enough
small magnetic fields.
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‡ Emails: b-abdollahi@tabrizu.ac.ir
Magnetopumping Current in Graphene Corbino Pump 2
1. Introduction
Since the advent of graphene it has been the subject of intense theoretical and
experimental research mainly due to its very peculiar electronic structure. Low energy
excitations in graphene are well described by the Dirac-like equation in contrast to
normal semiconductors with quadratic dispersion law. Charge carriers in graphene being
massless possesses the unique feature of chirality which leads to several exotic transport
behaviors such as the minimum of the conductivity[1], the Klein tunnelling[2], half-
integer quantum Hall effect[3] and many other interesting effects[4]. Moreover, owing
to a very long spin relaxation time, which is expected due to a very weak intrinsic
spin-orbit interaction, and the extrinsic spin-orbit coupling appearing in the presence of
a transverse electric field, graphene is also attractive for applications in spintronics[5].
Many theoretical and experimental works have been devoted to study injection and
manipulation of the spin in graphene[6].
A distinct feature of a wide and short strip of undoped graphene is that it exhibits
transport properties which are indistinguishable from those of a classical diffusive
systems[7]. It has been shown that in this regime, the so called pseudo-diffusive regime,
conductivity and the higher current cumulants are not affected by the applied magnetic
field[8, 9, 10]. These effects are well explained by the evanescent modes which are
present at the Dirac point and transport entirely occurs via them with a transmission
that is equal to the diffusive transport theory result[11]. At sufficiently strong magnetic
fields an exponentially small chemical potential is enough to enter a field-suppressed
transport regime. However, at resonance with the Landau levels the pseudo-diffusive
behavior is recovered for all current cumulants[10]. In a collection of quantum billiards
of undoped graphene, including Corbino disk, the pseudo-diffusive behavior has been
identified by Rycerz et al.[12]. Moreover, they showed that by shrinking at last one of
the billiard openings a crossover from the pseudo-diffusive to the quantum-tunneling
regime is observed. Rycerz has investigated the effect of the magnetic filed on the
conductance, the Fano factor and the higher current cumulants of the Corbino disk
in graphene. He showed that conductance of the graphene Corbino disk is a periodic
function of the magnetic flux piercing the disk area at zero doping[13]. Also, this effect
is followed by the shot noise and higher current cumulants[14]. Moreover, it has been
found the periodic magnetoconductance oscillations decay rapidly with increasing field
at finite voltage in contrast to the higher cumulants which show periodic oscillations for
arbitrary high fields. The periodic oscillations of the conductance as a function of the
magnetic flux piercing the disk has been found to persist in the bilayer grahpene[15].
Most of researches about the electronic transport in graphene has been devoted to
stationary problems. Non-stationary problems may result in emergence of variety of
new effects. Quantum pumping is one of these interesting phenomenon, initially due to
D. J. Thouless[16] and then developed by several successive studies[17, 18, 19], in which
a periodic modulation of parameters of a nanoscale system produces a finite dc current
through it even in the absence of an external bias. It has been suggested to exploit
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and probe the properties of graphene both by adiabatic and non-adiabatic quantum
pumping[20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32]. In the adiabatic regime, when
the pumping cycle is very slower than the carrier passage from the pump region, for
generating a pumped current at last two system parameters should vary periodically
and out of phase[17]. Studies on graphene have given rise to new insights into quantum
pumping in graphene. Pumped current in graphene shows an increment as compared
with semiconductor materials, which is attributed to the unusual electronic spectrum
of graphene and in particular, the important role of the Klein tunneling and evanescent
modes at the Dirac point[21, 22, 23]. In several works, the quantum pump effect has
been proposed for potential use in graphene-based spintronics[25, 26, 27, 28, 29] and
vallytronics[33, 34, 35] as an effective tool for generating and controlling spin and
valley currents. Graphene pumps therefore offer a number of potential advantages
which may prove useful for practical applications. Envisaged applications for graphene
pumps outside the valleytronics and spintronics include quantum metrology, single
photon generation via electron-hole recombination in electrostatically doped bilayer
graphene reservoirs[36], and for read-out of spin-based graphene qubits in quantum
information processing[37]. Attempts have been made to experimentally investigate
adiabatic quantum pumping by using electrostatically defined quantum dots in GaAs-
based heterostructures[38]. In such a system, pumping is induced by oscillating voltages
applied to the gate electrodes defining the dot. In these experiments, the resultant
pumped current are affected by stray bias voltages originating from parasitic coupling
of the ac signals applied to the gates[39, 40]. Recently quantum pumping in graphene
has been realized in the graphene double quantum dot pump driving by two oscillating
gate potentials which control the total number of electrons on each quantum dot[41].
In the studies on magnetoconductance in graphene the spin degree of freedom is
usually ignored. Despite the smallness of the Zeeman splitting, it has been shown
that it can show remarkable effects on the electronic transport in graphene such as the
appearance of the chiral spin edge states[42], giant spin-Hall effect in the absence of the
spin-orbit interaction[43] and generating a large spin pumped current[26]. Motivated
by the recent researches about the quantum transport in graphene Corbino disk, in
this paper we first analyze effect of the zeeman splitting on the magnetoconductance,
totally disregarded in the previous studies, and we also study the quantum pumping
in graphene Corbino pump driven by periodic and out of phase modulation of an
electrostatic potential and a magnetic field both applied to disk area of the system. We
find that the Zeeman splitting, despite its smallness, suppresses the periodic oscillations
of the magnetoconductance at the Dirac point. Moreover, it produces a considerable
spin conductance about the flux threshold value, where the magnetoconductance starts
to suppress, in low magnetic fields and at the resonance with the Landaue levels in the
high magnetic fields. At the Dirac point the pumped charge and spin currents increase
as a function of the magnetic flux with small periodic oscillations until they suppress
by the effect of the Zeeman splitting. For nonzero doping the effects of the doping
and the zeeman splitting compte with each other in suppressing the pumped current.
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Figure 1. (Color online) Graphene Corbino quantum pump is composed of a disk
shaped area with the inner radius Ri and outer radius Ro connected to the metallic
leads. Pumping current is generated by the periodic and out of phase variations of an
electrostatic potential U exerted via a back gate and a perpendicular magnetic field B
applied to the pump.
Growing nature of the pumped currents by the magnetic flux provides the possibility
of the producing a large pumped currents at low magnetic fields and it is very striking
that it dose not suffer the stray potentials problem. Moreover, we have a considerable
charge and spin pumped currents at the resonances mediated by the Landaue levels
which provides an extra control on the charge and spin current via changing the doping
level by the potential applied to the gates.
The outline of the paper is as follow. In section 2 we introduce our model and the
procedure for calculating of the magnetoconductance and magnetopumping. Section 3
is devoted to explaining our main results and discussions concerning them. Finally, we
give conclusion of our work in section 4.
2. Model and basic equations
We consider a graphene based quantum pump with Corbino disk geometry in which a
disk shaped graphene is surrounded from both exterior and interior sides with circular
metallic leads. It has been schematically depicted in Fig.1. Advantage of the Corbino
geometry in comparison to the planar structures is in the absence of the edge boundary.
The metallic leads are modeled by the heavily doped graphene regions. Pumping current
through the system is generated by the periodic and out of phase variations of an
electrostatic potential U exerted via a back gate and an external magnetic field B
applied perpendicular to the graphene sheet. The periodic variation of the pumping
parameters is give by
B(t) = B0 + δB cos(ωt) , U(t) = U0 + δU cos(ωt+ φ) , (1)
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where δB and δU are amplitudes of variations about the equilibrium state values B0
and U0, respectively. In the above equation φ is the phase difference between variations
of two parameters and play the important role in current pumping. In the absence of
the processes which mixes two spin states we can treat each spin state separately. In the
bilinear response regime, where δB ≪ B0 and δU ≪ U0, the adiabatic pumped current
for electrons with spin γ(= +,−) is given by the Brouwer’s formula which is based on
the scattering approach [17]:
Iγp = I0
∑
α∈L,R
Im
(
∂SγL,α
∂U
∂(SγL,α)
∗
∂B
)
, (2)
where I0 =
ω
2pi
eδUδB sin(φ) and SγL,α is an element of the scattering matrix for spin γ
electron. In the above equation summation goes over all of the modes in the left (L) and
right (R) leads and the symbol ”Im” denotes the imaginary part. Pumped charge and
spin currents are given by Icp = I
+
p + I
−
p and I
s
p = I
+
p − I−p , respectively. The adiabatic
limit for pumping current is satisfied when oscillation period of the driving parameters
be much longer than the dwell time of the carriers in the system, namely τdw ≪ 2pi/ω.
We use scattering approach to calculate the scattering matrix of the pump. The low
energy excitations for γ spin carriers in graphene in the presence of an applied magnetic
filed are described by two-dimensional Dirac equation
Hγ = vF (p+ eA) · σ + γEz + U(r) , (3)
where vF is Fermi velocity, p = (px, py) is the momentum operator and σ = (σx, σy)
is the vector of the Pauli matrices. We choose the symmetric gauge A = B/2(−y, x),
where the magnetic field B is applied perpendicular to the graphene sheet. First term
of Eq. 3 denotes effect of the magnetic field on momentum and second term is the
Zeeman splitting with Ez = µBB/2, where µB is the Bohr magneton. The electrostatic
potential energy is given by U(r) = UΘ(r − Ri)Θ(−r + Ro)− U∞(−r + Ri)Θ(r − Ro),
where U and U∞ are electrostatic potentials in the disk area and the leads. We follow
Ref. [13] to obtain the eigenvectors in the presence of the magnetic field. Since the
Hamiltonian given by Eq. 3 commutes with the total angular momentum operator
Jz = −ih¯∂ϕ+ h¯σz/2, thus the energy eigenvectors must be the simultaneous eigenstates
of Jz. Then, in the polar coordinates (r, ϕ) we can suppose the following form for the
eigenvectors,
ψγj (r, ϕ) = e
i(j−1/2)ϕ
(
χj↑(r)
eiϕχj↓(r)
)
, (4)
where j is a half-odd integer and the pseudospin is denoted by s =↑, ↓. The radial
component χj(r) = [χj↑(r), χj↓(r)]
T satisfies Hγj (r)χj(r) = Eχj(r), where
Hγj (r) = − ih¯vFσx∂r + γEz + U(r) +
h¯vFσx
r
(
(j − 1/2) + eBr22h¯ 0
0 (j + 1/2) + eBr
2
2h¯
)
. (5)
Now, it is possible to separately solve the scattering problem for each j − th angular
momentum eigenstate incoming from the origin (r = 0). This reduces the full
Magnetopumping Current in Graphene Corbino Pump 6
problem to an effective one-dimensional scattering problem for the spinor χj(r). The
normal leads are modeled by the heavily-doped graphene regions by taking the limit of
U(r) = U∞ → ∓∞ (the minus sign refers to the conduction band, and the positive sign
refers to the valence band). We can write the wavefunctions in the different regions as
following. In the inner lead (r < Ri), it is
χ
(i)
j =
eik∞r√
r
(
1
1
)
+ rγj
e∓ik∞r√
r
(
1
−1
)
, (6)
where rγj is reflection coefficient in the jth mode. In the outer lead (r > Ro) the
wavefunction is given by
χ
(o)
j = t
γ
j
e±ik∞r√
r
(
1
1
)
, (7)
where tγj represents transmission coefficient in the jth mode. In the above equations we
have introduced k∞ ≡| E − U∞ | /h¯vF → ∞. Finally, wavefunction in the pumping
region (Ri < r < Ro) subjected to a perpendicular magnetic field is given by[13]
χ
(d)
j = Aj

 ξ(1)j↑
±izj,1ξ(1)j↓

+Bj

 ξ(2)j↑
±izj,2ξ(2)j↓

 , (8)
where zj,1 = [2(j + sj)]
−2sj and zj,2 = 2(
β
(kγ)2
)sj+
1
2 with sj ≡ 12sign(j), β = ( eB2h¯ ) and
kγ ≡| E − U − γEz | /(h¯vF ). The other parameters are given by
ξ
(ν)
js = e
−βr2/2(kγr)|Ls|
{
M(αjs, γjs, βr
2) , if ν = 1,
U(αjs, γjs, βr
2) , if ν = 2,
(9)
where αjs =
1
4
[2(j + ms + |j − ms| + 1) − (kγ)2β ], and γjs = |j − ms| + 1 with
ms = ±12 for the pseudospin s =↑, ↓. The functions M(a, b, z) and U(a, b, z) are the
confluent hypergeometric functions[44]. By applying mode matching at the boundaries
χ
(i)
j (Ri) = χ
(d)
j (Ri) and χ
(o)
j (Ro) = χ
(d)
j (Ro), we can find the reflection and transmission
coefficients as a function of the magnetic flux φ/φ0, where φ = pi(R
2
o − R2i )B and
φ0 = 2(
h
e
)Ln(Ro
Ri
), as following,
rγj = e
2iRik∞ (10)
−zj,1ξ(1)j,↓ (Ro)η(2)j,+(Ri) + iξ(1)j,↑ (Ro)η(2)j,+(Ri) + η(1)j,+(Ri)η(2)j,+(Ro)
zj,1ξ
(1)
j,↓ (Ro)η
(2)
j,−(Ri) + iξ
(1)
j,↑ (Ro)η
(2)
j,−(Ri)− η(1)j,−(Ri)η(2)j,−(R0)
,
tγj = 2i
√
Ro
Ri
ei(Ri−Ro)k∞ (11)
zj,2ξ
(1)
j,↑ (Ro)ξ
(2)
j,↓ (Ro)− zj,1ξ(1)j,↓ (Ro)ξ(2)j,↑ (Ro)
zj,1ξ
(1)
j,↓ (Ro)η
(2)
j,−(Ri) + iξ
(1)
j,↑ (Ro)η
(2)
j,−(Ri)− η(1)j,−(Ri)η(2)j,−(Ri)
,
where
η
(i)
j,±(Ri) = zj,iξ
(i)
j,↓(Ri)± iξ(i)j,↑(Ri) , (12)
η
(i)
j,±(Ro) = zj,iξ
(i)
j,↓(Ro)± iξ(i)j,↑(Ro) . (13)
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Charge and spin conductances are defined by Gc = G
+ + G− and Gs = G
+ − G−,
respectively. The spin dependent conductance Gγ is given by
Gγ = g0
∑
j
T γj , (14)
where g0 = 2e
2/h, factor 2 is for valley degeneracy and summation goes over all of the
modes. The reflection and transmission probabilities for spin γ carriers in the j-th mode
is given by the following relations
Rγj =
X ′2j + Y
′2
j
X2j + Y
2
j
, (15)
T γj =
4(kγRo)[zj,2ξ
(1)
j↑ (Ro)ξ
(2)
j↓ (Ro)− zj,1ξ(1)j↓ (Ro)ξ(2)j↑ (Ro)]
kγRi(X
2
j + Y
2
j )
, (16)
Symbols in the above equations are defined as
X ′j = zj,1zj,2w
−
j↓↓ − w−j↑↑ , Y ′j = zj,2w−j↑↓ + zj,1w−j↓↑ ,
Xj = w
−
j↑↑ + zj,1zj,2w
−
j↓↓ , Yj = zj,2w
+
j↑↓ − zj,1w+j↓↑ ,
w±jss′ = ξ
(1)
js (Ri)ξ
(2)
js′ (Ro)± ξ(1)js (Ro)ξ(2)js′ (Ri) . (17)
Pumped current for spin γ carriers (Eq. 2) can be rewritten as the following explicit
form,
Iγp = I0
∑
j
Im
(
∂rγL,L
∂U
∂(rγL,L)
∗
∂B
+
∂tγL,R
∂U
∂(tγL,R)
∗
∂B
)
. (18)
In the next section we give the results for charge and spin conductances and pumped
currents. We investigate the effect of the magnetic filed and specially the Zeeman
splitting on the transport properties of the graphene Corbino pump.
3. Results and Discussions
Let us first study the effect of the Zeeman splitting on the spin and charge conductances.
We start with analyzing the conductance at the Dirac point. As it has been shown in the
Ref. [13], at the Dirac point conductance shows a nearly periodic oscillations in terms
of the magnetic flux piercing the ring and indeed it is independent of the magnetic flux
piercing the inner lead. In Fig. 2(a), the Zeeman splitting (h = EzRi/h¯vF = ζβR
2
i
with ζ = h¯/mevFRi and me the electron mass) leads to dependence of the conductance
on the magnetic flux piercing the inner lead and it causes suppression of the charge
conductance when φ exceeds the flux threshold value φ/φ0 ∼ 2 ln(ζ). In the lower
magnetic fields, curves for nonzero Zeeman splitting follow the zero one. Fig. 2(b)
shows the spin conductance at the Dirac point, in the logarithmic scale, as a function
of φ/φ0 for different values of ζ . Spin conductance is negligible for all values of φ except
for the values around the flux threshold value. We continue by investigating the charge
and spin conductances out of the Dirac point. Figs. 3 (a) and (b) show the charge and
spin conductances as a function of φ for different doping values k0Ri = |E −U0|Ri/h¯vF
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Figure 2. (Color online) (a) Charge conductance at the zero doping as a function of
the magnetic flux piercing the ring area and for different dependencies of the reduced
Zeeman splitting h = EzRi/h¯vF = ζβR
2
i for RO/Ri = 5. Charge conductance is a
periodic function of the magnetic flux at zero doping and in the absence of the Zeeman
splitting. The Zeeman splitting leads to suppression of the charge conductance. (b)
Spin conductance as a function of φ/φ0 and for the same parameters. Spin conductance
is considerable around the values of the magnetic field which charge conductance starts
to suppress.
differing one order of the magnitudes, respectively. Insets of the figures show the results
for large values of k0Ri. Suppression of the charge conductance for nonzero doping starts
at the threshold value given by,
φ/φ0 ∼ min{2 log(ζ), 2 log(k0Ri)} . (19)
Thus, Zeeman splitting and doping compete with each other for suppressing the charge
conductance. Despite of the smallness of the Zeeman splitting it produces a considerable
spin conductances, about one order of magnitude smaller than the charge conductance,
around the threshold value given by Eq. (19) for small nonzero doping values. For large
doping it is almost three order of magnitude smaller than the charge conductance and
thus it is negligible.
Results for charge and spin conductances as a function of the doping and for
different values of the magnetic field have been shown in Figs. 4 (a) and (b), respectively.
These plots show crossover from the low to high magnetic fields regimes. It is
accompanied by the crossover from ballistic transport regime to field-suppressed regime
which is characterized by the condition 2Rc = Ro − Ri, with Rc = (k+ + k−)l2B/2. At
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Figure 3. (Color online) (a) Charge conductance as a function of the magnetic flux
piercing the ring area and for different doping values for Ri = 20nm and RO/Ri = 5.
Charge conductance starts to suppress at lower values of the flux by increasing of the
doping. (b) Spin conductance as a function of φ/φ0 and for the same parameters.
Spin conductance is accompanied by the charge conductance just around where the
later starts to suppress. Insets of the figures show the behavior of the charge and spin
conductances at large dopings.
high magnetic fields satisfying the condition
φ
φ0
>
(Ro/Ri − 1)
4 ln(Ro/Ri)
(k+ + k−)Ri , (20)
charge conductance is suppressed except from the isolated peaks which correspond to
the resonances with Landau levels. The spin conductance gets considerable only in
the filed suppressed regime characterized by the above equation and at the resonance
condition. Further, upon the total conductance shows a peak, the spin conductance
changes sign through a singularity.
To study magneto pumping current we plot the pumped charge and spin currents
as a function of the flux piercing the ring and doping. In Figs. 5 (a) and (b) we give the
pumped charge and spin currents against the φ/φ0 for different values of ζ at zero doping
(k0Ri = 0) and Ro/Ri = 10. In the absence of the Zeeman splitting the pumped charge
current shows an enhancement in the logarithmic scale as a function of φ/φ0 and with
small oscillations having a period identical to the conductance oscillations period. It is
similar to the behavior of the conductance at zero doping except that the pumped charge
current increases with increasing the flux, whereas the charge conductance oscillates
around a fixed value. Zeeman splitting has a similar effect on the pumped charge and
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Figure 4. (Color online) (a) Charge conductance as a function of the doping and
for different magnetic fluxes piercing the ring area for Ri = 20nm and RO/Ri = 5.
It shows crossover from the ballistic transport regime to the field suppressed one by
increasing φ. (b) Spin conductance as a function of k0Ri and for the same parameters.
Spin conductance is nonzero just around where the charge conductance has peaks due
to the resonance with Landaue levels.
spin currents with those of the charge and spin conductances. It suppresses the pumped
charge and spin currents around the flux threshold value given by φ/φ0 ∼ 2 ln(ζ).
The pumped spin current is almost two order of magnitude smaller than the pumped
charge current and it has only considerable values for φ/φ0 smaller and close to the
flux threshold value. In Figs. 6 (a) and (b) we compare the pumped charge and spin
currents for the nonzero doping values with those of the zero one. The insets of the
figures show the results in the high doping limit. Results for the pumped current show
similar behavior with the conductance. They continue to increase as a function of the
flux, with small oscillations, until they are suppressed by the effects of the Zeeman
splitting or doping around the flux threshold value given by Eq. 19. In the limit of the
large doping the pumped charge current shows some peaks as the flux increases until it
inters to the field-suppressed regime characterized by the flux values given by Eq. 20. At
the same time the pumped spin current changes sign when the pumped charge current
shows a peak. Values of the pumped charge and spin currents in the high doping limit
are very less than their values in the low doping. In Figs. 7 (a) and (b) we show results
for pumped charge and spin currents as a function of the doping and for high values
of the magnetic field. As it is apparent from the figures both of them has considerable
values only when a resonance occurs due to the Landau levels. When charge current
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Figure 5. (Color online) (a) Pumped charge current at the zero doping as a function
of the magnetic flux piercing the ring area and for different dependencies of the reduced
Zeeman splitting h = EzRi/h¯vF = ζβR
2
i
, and for RO/Ri = 10 in the logarithmic scale.
It shows an increasing behavior as a function of φ with a small oscillations. Inclusion of
the Zeeman splitting leads to suppression of the pumped charge current. (b) Pumped
spin current as a function of φ/φ0 and for the same parameters. Pumped spin current
is considerable around the values of the magnetic field where charge conductance starts
to suppress.
shows a peak the spin current changes sign through a discontinuity. The pumped spin
current have quite large values at the resonances and its accompaniment with the sign
change makes it highly probable to be detected in the experiment. This result may be
very interesting for practical usage in graphene spintronics.
About the feasibility of the experimental observation of the effects studied here
we can address the charge transport measurement which recently has been done in
dual gated bilayer graphene with Corbino geometry[45]. Moreover, magnetoresistance
measurements in tilted magnetic fields have been done in graphene with planar and
Corbino geometries as well[46]. Also, recently quantum pumping in graphene has been
realized in the graphene double quantum dot pump. In this experiment the pumped
current is driven by two oscillating gate potentials operating on the total number of
the electrons on each quantum dot. In the graphene Corbino pump introduced here,
values of the pumped charge and spin currents are in the experimental range and
can be detected easily. To estimate these values we consider typical values for the
experimental parameters δU/U = 0.01 and δB/B = 0.01 and ω/2pi = 10 GHz. The
resulting pumped charge and spin currents will be in the ranges of the ∼ 1 nA and
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Figure 6. (Color online) (a) Pumped charge current as a function of the magnetic
flux piercing the ring area and for different dopings for Ri = 50nm and RO/Ri = 10
in the logarithmic scale. Pumped charge current starts to suppress at lower values of
the flux by increasing of the doping. (b) Pumped spin current as a function of φ/φ0
and for the same parameters. Pumped spin current has a very similar behavior with
pumped charge current. Insets of the figures show the behavior of the pumped charge
and spin currents at large doping values.
∼ 0.1 nA, respectively. These values of the pumped charge and spin currents are in the
experimentally observable range.
4. Conclusion
In conclusion we have considered a graphene based quantum pump with Corbino
geometry which possesses the advantage of the absence of edges. The pump is driven
by an electrostatic potential applied to the ring region and a magnetic field applied
perpendicular to the graphene. We studied the effect of the Zeeman splitting on the
charge and spin conductances and pumped currents. The Zeeman splitting, despite of its
smallness, has a considerable effect on the charge conductance and pumped current and
it generates a considerable spin conductance and pumped spin current. It suppresses the
periodic oscillations of the conductances and pumped currents at the zero doping. Also,
it produces a considerable spin conductance and pumped spin current at the values of the
magnetic field which charge conductance and pumped charge current start to suppress,
respectively. Moreover, the pumped charge and spin currents grow up by increasing the
magnetic filed until they are suppressed due to the effects of the doping and the Zeeman
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Figure 7. (Color online) Pumped charge current as a function of the doping and for
different magnetic fluxes piercing the ring area for Ri = 50nm and RO/Ri = 10 in the
logarithmic scale. Similar to the charge conductance it has peaks at resonances with
Landaue levels in the field suppressed regime. (b) Spin pumped current as a function
of k0Ri and for the same parameters. Spin pumped current is nonzero just around
where the charge conductance has peaks due to the resonance with Landaue levels.
splitting. It let us control the magnitude of the pumped charge and spin currents by
the doping level and magnetic field in such a way that we can have quite considerable
values of these pumped currents at the Dirac point and higher doping levels.
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